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This work was presented as a poster at the American Heart Association Scientific Sessions, November 11 to 15, 2017, in Anaheim, CA.

Clinical PerspectiveWhat Is New?Statin therapy significantly lowered low‐density lipoprotein cholesterol compared with placebo for the entire 18‐month study; augmentation index significantly decreased after 12 months in the treatment group, but the effect was transient and no longer significantly different from the placebo group at 18 months.The transient effects of statin therapy on augmentation index are independent of low‐density lipoprotein cholesterol.What Are the Clinical Implications?We should continue to prescribe statin therapy for primary and secondary cardiovascular disease risk modification, which is unlikely to be mediated through long‐term improvements in augmentation index, endothelial function, or central aortic blood pressures.

Introduction {#jah34440-sec-0009}
============

Arterial stiffness progresses with age and is associated with cardiovascular disease (CVD) events and stroke.[1](#jah34440-bib-0001){ref-type="ref"}, [2](#jah34440-bib-0002){ref-type="ref"}, [3](#jah34440-bib-0003){ref-type="ref"}, [4](#jah34440-bib-0004){ref-type="ref"} There is also a potential link between greater arterial stiffness and the progression to dementia due to Alzheimer disease (AD).[5](#jah34440-bib-0005){ref-type="ref"}, [6](#jah34440-bib-0006){ref-type="ref"}, [7](#jah34440-bib-0007){ref-type="ref"}, [8](#jah34440-bib-0008){ref-type="ref"} Statin therapy robustly reduces plasma cholesterol levels, including atherogenic low‐density lipoprotein (LDL) cholesterol and LDL particle concentrations,[9](#jah34440-bib-0009){ref-type="ref"} minimizing inflammation through a reduction of proinflammatory cytokines and reactive oxygen species,[10](#jah34440-bib-0010){ref-type="ref"} Changes in the lipid content and composition of elastin and collagen within the vessel wall also may have beneficial effects on vascular remodeling and reduced arterial stiffness.[11](#jah34440-bib-0011){ref-type="ref"}, [12](#jah34440-bib-0012){ref-type="ref"} Reduction in LDL concentration is directly proportional to a durable and long‐lasting reduction in CVD events,[13](#jah34440-bib-0013){ref-type="ref"}, [14](#jah34440-bib-0014){ref-type="ref"}, [15](#jah34440-bib-0015){ref-type="ref"} but the magnitude and timing of the lipid‐independent effects of statin therapy on the arterial wall that may result in changes in vessel properties are not fully understood. A major regulator of cholesterol metabolism is the cholesterol transporter ApoE (apolipoprotein E), and the *APOE* ε4 allele has been associated with both higher cholesterol levels and an increased risk of vascular disease. Similarly, *APOE* plays a role in arterial stiffness, primarily through expression of extracellular matrix genes in vascular smooth muscle cells, which help maintain arterial elasticity independently of cholesterol levels.[16](#jah34440-bib-0016){ref-type="ref"}, [17](#jah34440-bib-0017){ref-type="ref"} Trials examining the effects of statins on arterial stiffness have had inconsistent results.[18](#jah34440-bib-0018){ref-type="ref"}, [19](#jah34440-bib-0019){ref-type="ref"}, [20](#jah34440-bib-0020){ref-type="ref"}, [21](#jah34440-bib-0021){ref-type="ref"}, [22](#jah34440-bib-0022){ref-type="ref"}, [23](#jah34440-bib-0023){ref-type="ref"}, [24](#jah34440-bib-0024){ref-type="ref"}, [25](#jah34440-bib-0025){ref-type="ref"} To our knowledge there are no other randomized controlled trials with prolonged follow‐up evaluating the effects of statin therapy on central blood pressures and arterial function in healthy middle‐aged offspring of those with AD without significant CVD risk factors, including hypertension.

The study was designed to evaluate the impact of statin therapy on AD biomarkers in middle‐aged adults at increased risk for dementia due to their parental history of AD. Those findings are reported elsewhere. However a predefined secondary outcome of this study was to determine if 18 months of statin therapy improved augmentation index (Aix), an accepted measure of the enhancement of central aortic pressure caused by the reflected pulse wave in a stiffened artery, flow‐mediated dilation (FMD) a measure of endothelial function, and central aortic blood pressure compared with a placebo control in these middle‐aged adults with minimal CVD risk who were not on statin therapy at baseline.

Materials and Methods {#jah34440-sec-0010}
=====================

Study Design and Population {#jah34440-sec-0011}
---------------------------

Anonymized data and materials have been made publicly available through the US National Library of Medicine and can be accessed at ClinicalTrials.gov. Subjects in this prospective, double‐blind, randomized, placebo‐controlled trial were middle‐aged (40‐72 years old) children of individuals with Alzheimer disease (AD) who were recruited from the community through clinics, newsletters, educational talks, health fairs, and print‐media advertisement. The reported analysis was an exploratory component of a study designed to evaluate the effects of statin therapy on AD risk factors. Subjects were enrolled from November 2009 through April 2012. The key end points of the reported analysis were changes in central aortic blood pressure and AIx, estimated by tonometry, and brachial artery FMD. Data were collected, and measurements were performed, at baseline and after 6, 12, and 18 months. Fasting blood draws were collected for all participants at the prescreening study visit at least 2 weeks before baseline assessment and randomization and then at 6‐, 12‐, and 18‐month follow‐up time points. Laboratory values, including total cholesterol, high‐density lipoprotein cholesterol, LDL cholesterol, triglycerides, serum creatinine, serum glucose, and high‐sensitivity C‐reactive protein (hsCRP) were assessed at the University of Wisconsin Hospital and Clinics clinical chemistry laboratory.

This study was approved by the University of Wisconsin Health Sciences Institutional Review Board. It was conducted per the principles expressed in the Declaration of Helsinki. All subjects provided written informed consent. The trial was registered using the clinicaltrials.gov identifier NCT00939822. Data were collected from November 24, 2009 to September 17, 2013.

Inclusion and Exclusion Criteria {#jah34440-sec-0012}
--------------------------------

Inclusion criteria included a parental history of probable or definite AD in adults aged 40 to 72 years. Exclusion criteria included dementia or mild cognitive impairment on baseline screening; use or contraindications to use of statin medications; history of CVD that would require statin use; or active participation in another research study. Subjects also could not have a contraindication for magnetic resonance imaging or lumbar puncture because these were key primary outcomes for the study. Baseline cognitive evaluation was also performed, and individuals with a positive memory screen and those who performed greater than 1.5 SD below the age‐ and education‐predicted mean performance on the Wechsler Memory Scale also were excluded and referred for medical and neuropsychological evaluation.[26](#jah34440-bib-0026){ref-type="ref"}

Randomization, Treatment Allocation, and Outcomes {#jah34440-sec-0013}
-------------------------------------------------

Subjects were randomly assigned to a treatment group, which received simvastatin 40 mg daily, or a placebo group, which received a matching placebo daily for 18 months. Treatment randomization was conducted by the UW Pharmaceutical Research Center using a 1:1 design and was stratified based on sex and *APOE4* allele status. Within each stratum a permuted blocked randomization scheme was used with block sizes of 4 alternating with 6. This was a double‐blind study in which participants, study personnel, and investigators were blinded to treatment group and lipid‐lowering effects throughout the course of the study. The primary outcomes of this trial will be reported elsewhere. The analyses presented here are predefined secondary investigations assessing the effects of statin therapy on changes in brachial artery FMD, central aortic blood pressure, and AIx. All subjects were analyzed in the group to which they were randomized in a typical intention‐to‐treat fashion.

Measurement of Endothelial Function and Arterial Stiffness {#jah34440-sec-0014}
----------------------------------------------------------

Endothelial function was measured by ultrasound brachial artery FMD. Subjects rested in a supine position in a temperature‐controlled room for 10 minutes before imaging was performed. A blood pressure cuff was placed on the widest part of the proximal right forearm. An 8‐MHz linear array vascular ultrasound transducer and an ultrasound system (Acuson Sequoia 512, Siemens Medical Solutions, Issaquah, WA) allowed the brachial artery to be located above the elbow and scanned longitudinally. After recording of B‐mode ultrasound images of the brachial artery and spectral Doppler velocities, the cuff was inflated to 250 mm Hg for 5 minutes to induce reactive hyperemia. Immediately after cuff deflation, spectral Doppler images were obtained to verify hyperemia. Brachial artery B‐mode images were reobtained 60 and 90 seconds after cuff release. Measures of microvascular function that have also been associated with cardiovascular events, including reactive hyperemia (RH), peak Doppler velocity, RH velocity‐time integral, and RH brachial flow, were also performed.[23](#jah34440-bib-0023){ref-type="ref"}, [27](#jah34440-bib-0027){ref-type="ref"} ^.^ Studies were recorded digitally; brachial artery diameters were measured in triplicate with a digital border‐tracing tool (Access Point Web 3.0, Freeland Systems, Westfield, IN). Studies were read blinded to study treatment group. Reproducibility of measurements from this laboratory using the same techniques is excellent, as reported recently.[28](#jah34440-bib-0028){ref-type="ref"}, [29](#jah34440-bib-0029){ref-type="ref"}

Arterial stiffness was measured by arterial tonometry (AtCor SphygmoCor Px, AtCor Medical, Sydney, Australia). Tonometry recordings of the radial arterial pulses were taken when a reproducible signal with a clear upstroke was obtained. AIx and central aortic pressures were derived from radial tonometry using a validated, generalized transfer function and calibrated using oscillometric brachial artery blood pressures. AIx measurements were standardized to a heart rate of 75 bpm[30](#jah34440-bib-0030){ref-type="ref"}, [31](#jah34440-bib-0031){ref-type="ref"}; however, the results of the unadjusted AIx data are shown in Table [S1](#jah34440-sup-0001){ref-type="supplementary-material"}. Quality and stability of the tonometry signals were ensured by requiring an operator index greater than 85% for all analyzed tracings. This index is based on the weighted value of 5 quality‐control indices (average pulse height, pulse height variation, diastolic point variation, curve shape variation, and maximum dP/dT as the first derivative of the systolic upstroke). Serial radial artery tonometry was used preferentially over carotid artery tonometry for 3 main reasons: (1) the transfer function used to derive central aortic pressures has only been validated using radial tonometry^36^; (2) it is more accurate and reproducible over time; and (3) it is more comfortable for the participant.

Statistical Analysis {#jah34440-sec-0015}
--------------------

All statistical analyses were conducted using SAS software (Version 999.4; Cary, NC). Subject demographics and laboratory data are presented as means (SD). Baseline comparisons were performed using 2‐tailed Student t tests. Pearson correlations were used to determine cross‐sectional relationships between cholesterol values and the outcome variables at each time point. All associations were tested using unconditional 2‐level linear mixed‐effects regression models implemented in the SAS MIXED procedure. To determine if simvastatin treatment effected Alx at different study visits, an interaction term between treatment group and study visit was included in the models. Fixed effects included treatment group, study visit, centered age, sex, LDL, and hsCRP corresponding to each time point. Treatment group and study visit were treated as categorical variables. The placebo group and baseline visit served as comparison categories. Subject was included as a random effect. Random intercepts were included for within‐subject correlations due to repeated measures. Models performed unadjusted (model 1), adjusted for age and sex (model 2); age, sex, and LDL cholesterol (model 3); age, sex, and hsCRP (model 4); age, sex, LDL cholesterol, and hsCRP (model 5); age, sex, peripheral systolic blood pressure (model 6); age, sex, central aortic systolic blood pressure (model 7). Although treatment group was highly correlated with LDL, a low variance inflation factor does not suggest multicollinearity. Secondary analyses with general linear models were performed to determine if changes in LDL levels influenced Alx.

Results {#jah34440-sec-0016}
=======

At baseline both groups were similar in age, with the placebo group being mean (SD) 54.4 (7.8) years old and the simvastatin group being 56.0 (6.2) years old (*P*=0.31). Both groups were composed mostly of women with 32 (73%) in the placebo group and 31 (70%) in the simvastatin group (*P*=0.82). Both groups had normal blood pressure at baseline (placebo 123.7 \[16.9\]/72.7 \[10.8\] mm Hg versus simvastatin 125.1 \[15.7\]/72.3 \[9.9\] mm Hg; *P*\>0.6). Only 1 (2%) individual in the placebo group and 3 (7%) people in the simvastatin group were taking antihypertensive medications (*P*=0.7), and there were no changes in blood pressure meds during the study period. The average total cholesterol was 206.6 (34.2) mg/dL with an LDL cholesterol of 122.8 (28.1) mg/dL in the placebo group and 207.2 (35.7) mg/dL and 122.3 (28.4) mg/dL, respectively, in the simvastatin group (*P*\>0.9). The 2 groups both had low 10‐year atherosclerotic CVD risk estimates (placebo 3.3 \[3.3\]% versus statin 4.1 \[3.8\]%; *P*=0.35). At baseline, the 2 randomized study groups were also similar in the primary outcome measures including augmentation index, central blood pressure parameters, and FMD (all *P*\>0.2, Table [1](#jah34440-tbl-0001){ref-type="table"}).

###### 

Descriptive Statistics at Baseline, 12, and 18 Months

  Mean (Standard Deviation) unless otherwise noted               Baseline       12 Months      18 Months                                                                                                                                                         
  -------------------------------------------------------------- -------------- -------------- ----------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
  Age, y                                                         54.4 (7.7)     56.0 (6.2)     ‐                                                     ‐                                                     ‐                                                     ‐
  Female sex, n (%)                                              32 (73%)       31 (70%)       32 (73%)                                              31 (70%)                                              31 (76%)                                              29 (69%)
  White, n (%)                                                   43 (98%)       44 (100%)      43 (98%)                                              44 (100%)                                             40 (97%)                                              42 (100%)
  Body mass index, kg/m^2^                                       27.6 (5.6)     27.2 (5.6)     28.0 (5.7)                                            27.2 (5.7)                                            28.7 (7.2)                                            27.3 (5.7)
  Heart rate, bpm                                                59.6 (9.0)     60.6 (9.2)     58.9 (7.9)                                            60.6 (10.2)                                           59.6 (9.0)                                            59.8 (9.5)
  Total cholesterol, mg/dL                                       206.6 (34.2)   207.2 (35.7)   202.1 (31.8)[a](#jah34440-note-0003){ref-type="fn"}   146.1 (27.1)[a](#jah34440-note-0003){ref-type="fn"}   196.8 (34.2)[a](#jah34440-note-0003){ref-type="fn"}   153.2 (28.0)[a](#jah34440-note-0003){ref-type="fn"}
  Triglycerides, mg/dL                                           101.8 (40.1)   112.4 (57.6)   99.9 (42.8)                                           91.9 (46.5)                                           109.1 (80.5)                                          88.0 (44.8)
  High‐density lipoprotein cholesterol, mg/dL                    63.5 (17.2)    62.5 (20.8)    65.5 (18.3)                                           64.8 (20.5)                                           63.0 (21.4)                                           66.4 (20.1)
  Low‐density lipoprotein cholesterol, mg/dL                     122.8 (28.1)   122.3 (28.4)   116.5 (28.2)[a](#jah34440-note-0003){ref-type="fn"}   62.9 (18.8)[a](#jah34440-note-0003){ref-type="fn"}    114.2 (28.0)[a](#jah34440-note-0003){ref-type="fn"}   69.2 (20.1)[a](#jah34440-note-0003){ref-type="fn"}
  Systolic blood pressure, mm Hg                                 123.7 (16.9)   125.1 (15.7)   124.7 (13.3)                                          122.6 (14.5)                                          122.2 (21.8)                                          123.2 (15.0)
  Diastolic blood pressure, mm Hg                                72.7 (10.8)    72.3 (9.9)     75.1 (11.3)                                           71.0 (9.6)                                            75.0 (11.8)                                           72.1 (9.2)
  High‐sensitivity C‐reactive protein, mg/L                      1.9 (2.2)      1.8 (2.2)      2.0 (2.2)                                             1.8 (2.4)                                             2.1 (2.3)                                             1.4 (2.6)
  Antihypertensive medication use, n (%)                         1 (2%)         3 (7%)         1 (2%)                                                3 (7%)                                                1 (2%)                                                2 (5%)
  Average brachial artery diameter, cm                           0.38 (0.06)    0.38 (0.07)    0.38 (0.06)                                           0.39 (0.07)                                           0.38 (0.06)                                           0.39 (0.07)
  Maximum absolute flow‐mediated dilation, cm                    0.017 (0.01)   0.016 (0.01)   0.018 (0.01)                                          0.017 (0.01)                                          0.017 (0.01)                                          0.016 (0.01)
  Maximum relative flow‐mediated dilation, %                     4.45 (2.54)    4.35 (2.94)    4.18 (2.72)                                           4.63 (2.59)                                           4.64 (2.56)                                           4.24 (2.15)
  Augmentation index, %[b](#jah34440-note-0004){ref-type="fn"}   23.1 (11.4)    23.4 (9.0)     24.9 (10.9)[a](#jah34440-note-0003){ref-type="fn"}    20.6 (9.4)[a](#jah34440-note-0003){ref-type="fn"}     24.1 (11.3)                                           21.8 (9.3)
  Aortic systolic pressure, mm Hg                                118.3 (12.7)   116.8 (14.2)   118.2 (15.0)                                          113.6 (10.3)                                          117.9 (5.3)                                           114.6 (10.6)
  Aortic diastolic pressure, mm Hg                               74.3 (7.7)     74.5 (10.2)    74.4 (7.2)                                            72.8 (7.2)                                            74.6 (9.7)                                            73.0 (7.4)

*P*\<0.01 between placebo and simvastatin at each time point.

At 18 months there were 40 patients with measures of Augmentation Index; of the 3 subjects missing AIx measurements, 2 were due to very low heart rates, and the third was in bigeminy at the time of the study.

During the treatment period, there was a significant reduction in LDL cholesterol that was seen at each time point in the statin group but not in the placebo group starting at 6 months (*P* \<0.0001). At 18 months, LDL cholesterol had decreased by 43.4% (−51.9 \[25.8\] mg/dL; *P*\<0.0001) in the statin group compared with only a 7% reduction (−8.8 \[22.5\] mg/dL *P*=0.14) in the placebo group (Figure [1](#jah34440-fig-0001){ref-type="fig"}). Changes in AIx in the statin group and placebo group at each time point are shown in Figure [2](#jah34440-fig-0002){ref-type="fig"}. At 12 months there was a significant difference in AIx in the statin group compared with the placebo group (−2.3% \[5.5\] versus 1.2% \[5.7\], *P*=0.007). At 18 months the Alx change from baseline increased slightly to −1.1% \[5.8\] in the treatment group and decreased slightly to 0.2% \[4.8\] in the placebo group. Thus, 18‐month Alx was not significantly different from baseline Alx in either the statin (t\[39\]=1.18, *P*=0.24) or the placebo group (t\[39\]=−0.29; *P*=0.77), and the treatment effect was no longer significant (*P*=0.3). Similar findings were observed in the mixed models, where we evaluated the effect of the interaction of treatment group×study visit on AIx in both an unadjusted model (12 months, β=−3.57 \[1.21\], *P*=0.004; 18 months, β=−1.44 \[1.21\], *P*=0.24) and age‐ and sex‐adjusted models (12 months, β=−3.52 \[1.21\], *P*=0.004; 18 months β=−1.42 \[1.21\], *P*=0.2) (Table [2](#jah34440-tbl-0002){ref-type="table"}). Secondary analysis evaluating the impact of LDL on Alx while adjusting for age and sex showed that changes in LDL cholesterol levels did not have a significant effect on Alx at any study visit. This suggests that the transient changes in AIx do not significantly vary with differences in LDL cholesterol levels over time. Scatter plots showing the effect of simvastatin treatment or LDL on AIx at each time point can be found in Figure [S1](#jah34440-sup-0001){ref-type="supplementary-material"}.

![Absolute change in LDL cholesterol over 18 months. \**P*\<0.001; Error bars represent standard error. LDL indicates low‐density lipoprotein.](JAH3-8-e009792-g001){#jah34440-fig-0001}

![Percentage change in augmentation index over 18 months. \**P*\<0.001; Error bars represent standard error.](JAH3-8-e009792-g002){#jah34440-fig-0002}

###### 

Effects of Simvastatin Treatment on Central Augmentation Index Using Mixed Models

  Model[a](#jah34440-note-0007){ref-type="fn"}   6 Months   12 Months   18 Months                                            
  ---------------------------------------------- ---------- ----------- ----------- ------- ------ ---------- ------- ------ ----------
  Model 1: Treatment group×visit                 −1.91      1.21        0.115       −3.17   1.21   0.009      −1.39   1.21   0.252
  Model 2: Treatment group×visit                 −1.91      1.21        0.115       −3.12   1.21   0.010      −1.37   1.21   0.258
  Age                                            0.60       0.12        \<0.0001    0.60    0.12   \<0.0001   0.60    0.12   \<0.0001
  Sex                                            10.54      1.81        \<0.0001    10.54   1.82   \<0.0001   10.54   1.81   \<0.0001
  Model 3: Treatment group×visit                 −1.68      1.46        0.251       −2.89   1.47   0.051      −1.18   1.40   0.399
  Age                                            0.60       0.12        \<0.0001    0.60    0.12   \<0.0001   0.60    0.12   \<0.0001
  Sex                                            10.52      1.81        \<0.0001    10.52   1.81   \<0.0001   10.52   1.81   \<0.0001
  LDL                                            0.005      0.02        0.779       0.005   0.02   0.779      0.005   0.02   0.779
  Model 4: Treatment group×visit                 −2.13      1.21        0.079       −3.30   1.21   0.007      −1.49   1.21   0.216
  Age                                            0.59       0.12        \<0.0001    0.59    0.12   \<0.0001   0.59    0.12   \<0.0001
  Sex                                            10.47      1.82        \<0.0001    10.47   1.82   \<0.0001   10.47   1.82   \<0.0001
  hsCRP                                          0.11       0.06        0.088       0.11    0.06   0.088      0.11    0.06   0.088
  Model 5: Treatment group×visit                 −1.83      1.46        0.209       −2.99   1.46   0.042      −1.24   1.39   0.371
  Age                                            0.59       0.12        \<0.0001    0.59    0.12   \<0.0001   0.59    0.12   \<0.0001
  Sex                                            10.44      1.82        \<0.0001    10.44   1.82   \<0.0001   10.44   1.82   \<0.0001
  LDL                                            0.01       0.02        0.709       0.01    0.02   0.709      0.01    0.02   0.709
  hsCRP                                          0.11       0.06        0.090       0.11    0.06   0.090      0.11    0.06   0.090
  Model 6: Treatment group×visit                 −1.67      1.21        0.167       −3.15   1.21   0.010      −1.30   1.20   0.278
  Age                                            0.58       0.12        \<0.0001    0.58    0.12   \<0.0001   0.58    0.12   \<0.0001
  Sex                                            10.77      1.78        \<0.0001    10.77   1.78   \<0.0001   10.77   1.78   \<0.0001
  Peripheral systolic blood pressure             0.05       0.02        0.021       0.05    0.02   0.021      0.05    0.02   0.021
  Model 7: Treatment group×visit                 −1.66      1.18        0.160       −2.70   1.18   0.024      −1.19   1.18   0.316
  Age                                            0.56       0.11        \<0.0001    0.56    0.11   \<0.0001   0.56    0.11   \<0.0001
  Sex                                            11.38      1.72        \<0.0001    11.38   1.72   \<0.0001   11.38   1.72   \<0.0001
  Aortic systolic pressure                       0.13       0.03        \<0.0001    0.13    0.03   \<0.0001   0.13    0.03   \<0.0001

hsCRP indicates high‐sensitivity C‐reactive protein; LDL, low‐density lipoprotein; SE, standard error.

Mixed models adjusted and unadjusted.

No differences were seen between the 2 groups at any time point for any of the other outcome measures including brachial artery blood pressure, central aortic blood pressures, FMD, RH peak Doppler velocity, RH velocity‐time integral, or RH brachial flow with and without adjustment (all *P*\>0.2). Additionally, hsCRP (0.10 \[0.06\]; *P*=0.09) was not associated with a change in AIx (0.10 \[0.06\]; *P*=0.3) Sensitivity analyses that included treatment with antihypertensive medication in the model did not have an impact on augmentation index over time (β=4.57, *P*=0.3).

Discussion {#jah34440-sec-0017}
==========

Statins decrease CVD events[12](#jah34440-bib-0012){ref-type="ref"} and are an established pillar for CVD prevention.[12](#jah34440-bib-0012){ref-type="ref"}, [32](#jah34440-bib-0032){ref-type="ref"}, [33](#jah34440-bib-0033){ref-type="ref"} There is a well‐defined relationship between atherosclerosis and arterial stiffness in which increasing atherosclerotic disease leads to increased stiffness over time. In our analyses of middle‐aged adults of offspring of those with AD but without CVD, the effects of statin therapy on augmentation indices are not related to their LDL cholesterol--lowering effects. Statin therapy also had no impact on vascular reactivity or inflammatory markers at any time point compared with those taking placebo.

The differences in AIx that emerged after initiation of statin or placebo therapy were not durable even though the total cholesterol and LDL‐cholesterol reductions were sustained over the 18‐month study period. Our data robustly suggest that the significant differences at 12 months were not due to changes in central or peripheral blood pressure or differences in LDL cholesterol concentration. The changes also were not accompanied by a reduction in inflammation, measured by hsCRP, or improvements vascular reactivity, measured by FMD. Because this study was designed to evaluate the impact of statin therapy on dementia‐related biomarkers, the transient differences in AIx at 12 months could be mediated through unmeasured variables, which may be more prominent in offspring of those with AD. There could also be gene‐mediated effects of statin therapy on AIx resulting from changes in extracellular matrix genes in vascular smooth muscle cells that help maintain elasticity and could lead to a reduction in AIx. The transient nature of the AIx improvements observed could be due to the impact of *APOE* on differences in unmeasured lipoprotein particles, such as apoE‐containing HDL particles, rather than measurable LDL cholesterol.[16](#jah34440-bib-0016){ref-type="ref"}, [17](#jah34440-bib-0017){ref-type="ref"}, [34](#jah34440-bib-0034){ref-type="ref"} There may be other short‐lived, unmeasured changes at the molecular and cellular level that could, alone or in combination, account for our observations. Changes in matrix metalloproteinase expression have been shown to have plaque‐stabilizing effects.[35](#jah34440-bib-0035){ref-type="ref"}, [36](#jah34440-bib-0036){ref-type="ref"} Alterations in the expression of matrix metalloproteinase alters the elastin‐to‐collagen ratio in the vessel wall. Last, differences in unmeasured inflammatory markers or inflammatory cytokines or changes in T‐cell activation may also transiently alter AIx following statin therapy.[10](#jah34440-bib-0010){ref-type="ref"}, [11](#jah34440-bib-0011){ref-type="ref"}, [35](#jah34440-bib-0035){ref-type="ref"}, [37](#jah34440-bib-0037){ref-type="ref"} Additionally, statins have been shown to dampen the sympathetic nervous system, which could also play into the transient impact on arterial stiffness.[38](#jah34440-bib-0038){ref-type="ref"}

Most previous randomized controlled trials that have evaluated the effects of statin therapy on AIx and arterial stiffness with statin therapy have been small (ranging from 5 to 891 subjects), and most had less than 18 months of follow‐up (ranging from 5 days to 3.5 years).[18](#jah34440-bib-0018){ref-type="ref"}, [19](#jah34440-bib-0019){ref-type="ref"}, [20](#jah34440-bib-0020){ref-type="ref"}, [21](#jah34440-bib-0021){ref-type="ref"}, [22](#jah34440-bib-0022){ref-type="ref"} There might have been a regression toward less difference in AIx in the treatment group if there had been longer follow‐up. The larger randomized controlled trials with more prolonged follow‐up also differed from the current study in that they evaluated patients with known CVD risk factors, including hypertension, which is a well‐established driver of arterial stiffness.[39](#jah34440-bib-0039){ref-type="ref"}, [40](#jah34440-bib-0040){ref-type="ref"}, [41](#jah34440-bib-0041){ref-type="ref"} To our knowledge there are only 4 randomized controlled trials with over 1 year of follow‐up, and all recruited participants with hypertension[25](#jah34440-bib-0025){ref-type="ref"}, [42](#jah34440-bib-0042){ref-type="ref"} or other proinflammatory states such as rheumatoid arthritis[43](#jah34440-bib-0043){ref-type="ref"} or chronic kidney disease.[44](#jah34440-bib-0044){ref-type="ref"} The largest randomized controlled trial with the longest follow‐up to date (CAFE‐LLA \[Conduit Artery Function Evaluation‐Lipid‐Lowering Arm\] study; n=891; 3.5 years of follow‐up) recruited hypertensive subjects who also randomized to specific antihypertensive regimens in addition to statin therapy.[25](#jah34440-bib-0025){ref-type="ref"} Although blood pressure and blood pressure control robustly impact arterial stiffness and AIx,[39](#jah34440-bib-0039){ref-type="ref"}, [41](#jah34440-bib-0041){ref-type="ref"} in the CAFE‐LLA study, statin therapy did not influence central aortic blood pressure measurements or AIx.[25](#jah34440-bib-0025){ref-type="ref"} Older patients may have too advanced arterial damage to reveal an impact of statin therapy, which may be more apparent in younger subjects, although even in a relatively younger patient population, like those recruited in the current study, we did not see a durable difference in arterial stiffness at the 18‐month time point between the 2 groups. Additionally, atorvastatin was used in CAFE‐LLA, rather than simvastatin. The non‐LDL effects on AIx may be impacted by the statin subtypes due to the differences in lipophilicity, which varies the effects on matrix metalloproteinase expression.[35](#jah34440-bib-0035){ref-type="ref"}

Limitations {#jah34440-sec-0018}
-----------

Although this study was a well‐designed, double‐blind, randomized controlled trial, there were still several important limitations that should be pointed out. First, this was a substudy of a randomized controlled trial looking at the effects of statin therapy on markers of AD. Those recruited were predominantly younger, white subjects free from known CVD without a guideline‐based indication for lipid‐lowering therapy. Although there was limited ethnic diversity, this is 1 of the first randomized controlled trials to evaluate the effects of statin therapy on arterial stiffness measures and central pressures in a younger, healthier US patient population free from hypertension. Because the outcomes measured here were meant to be exploratory, the sample size and power calculations were not based on arterial stiffness measures, central pressures, or FMD. However only 1 other randomized controlled trial (the CAFE‐LLA study) that had more than 1 year of follow‐up enrolled more patients than the current study.[25](#jah34440-bib-0025){ref-type="ref"} There are other unmeasured variables at both the cellular and molecular levels that could impact the arterial wall as well as ventricular contractility and systemic vascular resistance, which also could contribute the impact of the effects of statin therapy on AIx. Unlike pulse‐wave velocity, AIx is affected by the heart rate. We reported AIx data that were corrected to a heart rate of 75 bpm and showed that heart rate data were similar between groups at each time point (*P*\>0.4), although similar findings were also found using AIx that was not corrected for heart rate (Table [S1](#jah34440-sup-0001){ref-type="supplementary-material"}). Arterial stiffness was not directly measured; instead, we evaluated AIx, a well‐established surrogate marker of pulse wave velocity, which utilizes a generalized transfer function that is assumed to be constant across the study visits, for both the placebo‐ and statin‐treated groups. Specifically, there is a possibility that if there are changes to the physical properties of the conduit arteries with statin therapy, and they may make the use of the same transfer function less valid, this assumption could be a confounding limitation to the absolute changes of AIx observed with statin therapy, potentially underestimating their absolute delta. To explore this further, we also analyzed changes in the peripheral augmentation index of the directly sampled radial artery, avoiding any mathematical assumptions, and found no differences between treatment groups at any visit (Table [S2](#jah34440-sup-0001){ref-type="supplementary-material"}). Although the differences in the treatment effects on central and peripheral augmentation could be related to the general transfer function, they could also be due to inherent differences between central and peripheral pressure augmentation and the properties of central (more elastic) and peripheral (more muscular) arteries.

Conclusions {#jah34440-sec-0019}
===========

In low‐risk, middle‐aged individuals free of CVD, statin therapy had no impact on central aortic blood pressures or brachial artery FMD. There was a significant but transient reduction in AIx after 12 months of statin treatment compared with placebo, but between‐group differences in AIx did not persist after 18 months despite a durable reduction in LDL cholesterol levels.
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**Table S1.** Effect of Simvastatin Treatment on Unadjusted Augmentation Index

**Table S2.** Effects of Simvastatin Treatment on Peripheral Augmentation Index Using Mixed Models

**Figure S1.** Scatter plots of the effect of simvastatin treatment or LDL on augmentation index. LDL indicates low‐density lipoprotein.
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Click here for additional data file.
